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D gxrsro| Orjlw prgho zlwk sulfh
frpshwlwlrq dqg vwudwhjlf frpsdwlelolw|
Qlfrodv Mrqdugd/e Hulf Vfkhqnd
dExuhdx g*Hfrqrplh Wkìrultxh hw Dssoltxìh +XPU :855 FQUV,
94/ dyhqxh gh od Iruíw Qrluh/ 9:333 Vwudverxuj/ Iudqfh
ePddvwulfkw Hfrqrplf Uhvhdufk Lqvwlwxwh rq Lqqrydwlrq dqg Whfkqrorj|
Wrqjhuvhvwuddw 7</ 9533 PG Pddvwulfkw/ Wkh Qhwkhuodqgv
Pdufk 63/ 4<<<
Devwudfw
Wklv sdshu surylghv dq dqdo|vlv ri frpsdwlelolw| ghflvlrqv zlwk roljrsrolv0
wlf sulfh vhwwlqj lq d gxrsro| orjlw prgho1 Zh frqvlghu d vhtxhqwldo jdph lq
zklfk upv uvw fkrrvh zkhwkhu wkh| vxsso| frpsdwleoh surgxfwv dqg wkhq
vhw wkh sulfh zklfk lv fkdujhg1 Wkh htxloleulxp frpsdwlelolw| frqjxudwlrq lv
wkh rxwfrph ri d wudgh0r ehwzhhq frqvxphuv ydoxdwlrq ri frpsdwlelolw| dqg
wkh orvv ri surgxfw glhuhqwldwlrq zklfk lv dvvrfldwhg zlwk frpsdwlelolw|1 Il0
qdoo|/ lw lv vkrzq wkdw upv lqfhqwlyhv wrzdugv frpsdwlelolw| whqg wr eh vrfldoo|
lqvx!flhqw1
Nh| zrugv= frpsdwlelolw|/ surgxfw glhuhqwldwlrq/ sulfh frpshwlwlrq/ pxowl0
qrpldo orjlw/ zhoiduh
MHO fodvvlfdwlrq= O46/ G7
4 Lqwurgxfwlrq
Surgxfw frpsdwlelolw| lv d pdmru lvvxh lq hfrqrplhv zkhuh djhqwv frppxqlfdwh/ h{0
fkdqjh gdwd ru xvh frpprq vriwzduh1 Wkh idfw wkdw frqvxphuv ydoxdwh frpsdwlelolw|
fdq eh vhhq dv wkh vwduwlqj srlqw ri wkh olwhudwxuh rq qhwzrun h{whuqdolwlhv +vhh Ndw}
dqg Vkdslur/ 4<;8 ru wkh vxuyh| e| Shuurw/ 4<<6,1 Ehvlghv wkhlu qdwxudo lq xhqfh xsrq
dgrswlrq +l1h1 frqvxpswlrq, skhqrphqd/ qhwzrun h{whuqdolwlhv vkrxog eh frqvlghuhg
dv dq hvvhqwldo pdwwhu iru upv vwudwhjlf ehkdylru1 Iru lqvwdqfh/ wkh xvh ri whfkqlfdo
lqfrpsdwlelolw| e| Plfurvriw kdv sod|hg d pdmru uroh lq wkh hphujhqfh dqg shuvlvwhqfh
Ilqdqfldo vxssruw iurp FQUV +surjudpph cOhv hqmhx{ ìfrqrpltxhv gh o*lqqrydwlrq*, lv judwh0
ixoo| dfnqrzohgjhg1 Dxwkruv h0pdlo dguhvvhv duh q1mrqdugCphulw1xqlpddv1qo dqg vfkhqnCfrxuqrw1x0
vwudvej1iu
4
ri d grplqdqw srvlwlrq lq wkh pdunhw iru rshudwlqj v|vwhp vriwzduh +vhh Edvhpdq hw
do1/ 4<<9,1 Lq wkh pruh uhfhqw cPlfurvriw odzvxlw*/ wklv up kdv ehhq doohjhg ri lq0
wurgxflqj whfkqlfdo lqfrpsdwlelolwlhv ehwzhhq lwv eurzvhu +Lqwhuqhw H{soruhu, dqg wkh
Qhwvfdsh eurzvhu1
Lq wklv sdshu/ zh sxw wkh hpskdvlv rq wkh lqwhusod| ehwzhhq frpsdwlelolw| dqg wkh
lqwhqvlw| ri sulfh frpshwlwlrq1 Rq wkh rqh kdqg/ upv duh hdjhu wr vxsso| frpsdwl0
eoh surgxfwv vlqfh frqvxphuv pdnh d kljkhu ydoxdwlrq ri vxfk surgxfwv +dqg vr duh
pruh zloolqj wr ex| wkhp,1 Khqfh/ frpsdwlelolw| hqdeohv surgxfhuv wr fkdujh kljkhu
sulfhv1 Rq wkh rwkhu kdqg/ zh vkdoo dujxh wkdw frqvxphuv whqg wr shufhlyh frpsdwleoh
surgxfwv dv forvhu vxevwlwxwhv1 Lq wxuq/ wklv pd| ohdg wr lqfuhdvhg sulfh frpshwlwlrq
ehwzhhq upv1
Wkh sdshu dlpv dw jlylqj dq h{solflw uhsuhvhqwdwlrq ri wklv wudgh0r lq d vhtxhq0
wldo jdph lq zklfk upv uvw fkrrvh zkhwkhu wkh| vhoo frpsdwleoh surgxfwv dqg wkhq
vhw wkh sulfh zklfk lv fkdujhg1 Frpsdwlelolw| lv dfklhyhg e| d!oldwlrq wr d frpprq
vwdqgdug1 Wkh fruh dvvxpswlrq ri wkh prgho lv wkdw frpsdwlelolw| lv d ghwhuplqdqw
ri surgxfw ydulhw|1 Lq wkh fdvh ri qhwzrun jrrgv +l1h1 jrrgv |lhoglqj xwlolw| ehfdxvh
wkh| hqdeoh frppxqlfdwlrq, vrph ghjuhhv ri vlplodulwlhv ehwzhhq frppxqlfdwlrq sur0
wrfrov dqg2ru surfhvvlqj dufklwhfwxuhv duh qhfhvvdu| lq rughu wr kdyh frpsdwlelolw|
+ru lqwhufrqqhfwlrq, dfklhyhg1 Lq wkh fdvh ri v|vwhp jrrgv/ frpsdwleoh kdugzduh duh
deoh wr xvh wkh vdph vriwzduh surgxfwv zklfk ohdgv wr kljkhu v|vwhp vlplodulw|1 Lq
hlwkhu fdvh/ frqvxphuv shufhlyh frpsdwleoh jrrgv dv ehlqj forvhu vxevwlwxwhv wkdq
lqfrpsdwleoh rqhv1 Dffruglqjo|/ zh frqvlghu lq wklv sdshu wkdw frpsdwlelolw| ohdgv wr
d orvv lq surgxfw glhuhqwldwlrq1
Wkh prgho zh sursrvh khuh dffrxqwv iru erwk lqfuhdvhg vxevwlwxwdelolw| yld dgkh0
vlrq wr d frpprq vwdqgdug dqg wkh idfw wkdw frpsdwlelolw| lqfuhdvhv surgxfw xwlolw|1
Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv rxwolqhg lq vhfwlrq 51 Lq vhfwlrq 6/ zh
fkdudfwhul}h wkh vxejdph shuihfw htxloleulxp ri wkh vhtxhqwldo jdph zlwk vwudwhjlf
frpsdwlelolw| fkrlfh dqg wkhq sulfh frpshwlwlrq1 Ilqdoo|/ vhfwlrq 7 lv ghyrwhg wr dq
dqdo|vlv ri zhoiduh1
5 Wkh prgho
Zh uvw suhvhqw wkh vxsso| vlgh dqg wkh frqfhsw ri frpsdwlelolw| zklfk lv xvhg/ dqg
wkhq fkdudfwhul}h ghpdqg xqghu wkh ydulrxv frpsdwlelolw| frqjxudwlrqv1
514 Ilupv dqg frpsdwlelolw| uhodwlrqvklsv
Ohw xv frqvlghu wzr prqrsurgxfw upv E ’ c 2 zklfk uvw ghwhuplqh zkhwkhu wkh|
vhoo frpsdwleoh jrrgv dqg wkhq vhw wkh sulfh ri wkhlu surgxfwv1 Hdfk jrrg hperglhv
d whfkqlfdo vwdqgdug dqg frpsdwlelolw| lv dfklhyhg e| dgrswlrq ri d frpprq vwdq0
gdug +vhh Hfrqrplghv dqg Io|hu/ 4<<; iru d vlplodu dssurdfk,1 Frqyhuvho|/ surgxfwv
hperg|lqj glvwlqfw vwdqgdugv duh dvvxphg wr eh ixoo| lqfrpsdwleoh1
5
Hdfk up lv hqgrzhg zlwk d vshflf +sursulhwdu|, vwdqgdug1 Ilup 4 dqg up 5
vwdqgdugv duh odehoohg e|  dqg  uhvshfwlyho|1 Vwdqgdugl}dwlrq pd| rffxu wkurxjk
xqlodwhudo ghflvlrq zkhq d up ghflghv wr dgrsw wkh rwkhu up*v vwdqgdug/ ru lw
pd| eh wkh rxwfrph ri d mrlqw dgrswlrq surfhgxuh1 Lq dq| fdvh/ wkh h{lvwhqfh ri d
frqvhqvxv fdq eh frqvlghuhg dv d uhtxluhphqw lq rughu wr kdyh frpsdwlelolw| dfklhyhg
+vhh h1j1 Ehvhq dqg Iduuhoo/ 4<<7 ru Hfrqrplghv dqg Io|hu/ 4<<;,1 Lq wkh odfn ri d
frqvhqvxv/ d up zklfk lv zloolqj wr eh lqfrpsdwleoh lv hlwkhu deoh wr surwhfw dffhvv
wr lwv vwdqgdug/ ru wr lqwurgxfh h{ srvw lqfrpsdwlelolwlhv1 Dffruglqjo|/ frpsdwlelolw|
lv dfklhyhg li dqg rqo| li erwk upv zlvk wr eh frpsdwleoh1 Lq wklv fdvh/ zh vkdoo
dvvxph wkdw wkh| erwk djuhh rq dgrswlqj vwdqgdug 41 Frqyhuvho|/ lqfrpsdwlelolw|
suhydlov dv vrrq dv rqh up lv qrw zloolqj wr eh frpsdwleoh1
515 Ghpdqg
Zh frqvlghu d srsxodwlrq ri  frqvxphuv E  2 zlwk wkh iroorzlqj glvfuhwh fkrlfh
vhtxhqfh1 Lq wkh uvw vwdjh/ hdfk frqvxphu fkrrvhv rqh ri wkh dydlodeoh vwdqgdugv ru
dq rxwvlgh +ru qr0sxufkdvh, dowhuqdwlyh lqgh{hg e| 31 Wklv dowhuqdwlyh dffrxqwv iru
qrq0}hur ghpdqg hodvwlflw| lq uhvsrqvh wr sulfh fkdqjhv +vhh Dqghuvrq dqg gh Sdopd/
4<<5,1 Wkh xwlolw| ohyho dvvrfldwhg zlwk wkh rxwvlgh dowhuqdwlyh lv jlyhq h{rjhqrxvo|
dqg frqglwlrqv wkh yroxph ri ghpdqg dgguhvvhg wr wkh upv1 Lq wkh vhfrqg vwhs/
frqvxphuv zkr kdyh ghflghg wr ex| vrphwklqj fkrrvh d jrrg zklfk hperglhv wkh
whfkqlfdo vwdqgdug dgrswhg lq wkh uvw vwdjh1 Wkh uvw vwhs ri frqvxphuv ghflvlrq fdq
eh wkrxjkw ri dv d qhwzrun fkrlfh/ zkloh wkh vhfrqg rqh fruuhvsrqgv wr d surgxfw
fkrlfh1
Rqh kdv wr glvwlqjxlvk wkh fdvh lq zklfk jrrgv duh frpsdwleoh iurp wkdw ri lq0
frpsdwleoh surgxfwv1 Zkhq lqfrpsdwlelolw| suhydlov/ hdfk vwdqgdug lv uhsuhvhqwhg e|
d vlqjoh jrrg rq wkh pdunhw1 Wkhq/ wkh vhfrqg vwhs ri frqvxphuv fkrlfh lv wulyldo1
Zkhq upv vhoo frpsdwleoh surgxfwv/ wkh| erwk hperg| vwdqgdug  Surgxfwv zklfk
hperg| d frpprq vwdqgdug duh uhihuuhg wr dv yduldqwv ri wklv vwdqgdugv1 Wkhq/ frq0
glwlrqdoo| wr wkh idfw wkdw kh kdv ghflghg wr ex| vrphwklqj/ hdfk frqvxphu fkrrvhv
klv prvw suhihuuhg yduldqw lq wkh vhfrqg vwhs1
Erwk wkh frpshwlqj vwdqgdugv dqg wkh yduldqwv ri d vdph vwdqgdug duh dvvxphg
wr eh krul}rqwdoo| glhuhqwldwhg1 Zh dgrsw d vwuxfwxuh wkdw lv zlgho| xvhg lq txdqwl0
wdwlyh pdunhwlqj/ hpslulfdo lqgxvwuldo hfrqrplfv dqg wkh wkhru| ri surgxfw glhuhq0
wldwlrq/ qdpho| wkh pxowlqrpldo orjlw +PQO lq wkh vhtxho/ vhh Dqghuvrq hw do1/ 4<<5,1
Ryhudoo ghpdqg lv wkhuhiruh uhsuhvhqwhg e| d qhvwhg PQO +Ehq0Dnlyd/ 4<:6,1 Vlqfh
frpsdwleoh surgxfwv vkduh pdq| ihdwxuhv lq frpprq/ zh frqvlghu wkdw wkh| duh ohvv
glhuhqwldwhg wkdq lqfrpsdwleoh rqhv1 Dq htxlydohqw vwdwhphqw lv wkdw wkh glvshuvlrq
ri frqvxphuv suhihuhqfhv dfurvv vwdqgdugv lv odujhu wkdw frqvxphu khwhurjhqhlw| dw
wkh yduldqw ohyho1 Iljxuh 4 jlyhv d v|perolf uhsuhvhqwdwlrq ri wkh ghpdqg vwuxfwxuh
lq wkh wzr frqjxudwlrqv1
Kdylqj ghvfulehg wkh ghflvlrq vhtxhqfh ri frqvxphuv/ zh wxuq wr wkh irupdo gh0
qlwlrq ri ghpdqg lq hdfk frqjxudwlrq1
4Zh wkhuhe| rplw wkh srwhqwldo frruglqdwlrq sureohp zklfk pd| dulvh iurp upv vwdqgdug fkrlfh1
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Iljxuh 4= Wkh ghpdqg vwuxfwxuh lq wkh fdvh ri lqfrpsdwleoh jrrgv E dqg lq wkh fdvh
ri frpsdwleoh yduldqwv E1
51514 Ghpdqg zkhq surgxfwv duh lqfrpsdwleoh
Lq rxu prgho/ jrrgv duh lqfrpsdwleoh li dqg rqo| li hdfk up dgrswv lwv vshflf
vwdqgdug1 Wkhq/ wkh xwlolw| ri d vwdqgdug dqg wkh xwlolw| ri wkh fruuhvsrqglqj jrrg
frlqflgh1
Krul}rqwdo surgxfw glhuhqwldwlrq phdqv wkdw frqvxphuv gr qrw djuhh rq wkhlu
qdwxudo suhihuhqfhv iru wkh frpshwlqj surgxfwv1 Zh frqvlghu wkdw d frqvxphu fkrvhq
dw udqgrp iurp wkh srsxodwlrq ri  frqvxphuv kdv d frqglwlrqdo lqgluhfw xwlolw|
ixqfwlrq
h ’ - R n 0c iru  ’ c 2 +4,
Sdudphwhu - vwdqgv iru wkh frqvxphu*v lqfrph +zklfk lv dvvxphg wr eh odujh,1 Wkh
0v uhsuhvhqw frqvxphuv lglrv|qfudwlf wdvwhv derxw wkh jrrgv/ dqg wkh| duh l1l1 grxeoh
h{srqhqwldoo| glvwulexwhg zlwk sdudphwhu >1 Wkh rxwvlgh dowhuqdwlyh kdv dq dvvrfldwhg
xwlolw| jlyhq e|
hf ’ -n f n 0f +5,
zkhuh 0f lv l1l1 grxeoh h{srqhqwldoo| glvwulexwhg dorqj zlwk 0 dqg 02 Wkh sxufkdvh
suredelolw| iru surgxfw  zulwhv
 ’
i T ER*>S
'c2 i T ER*> n i T Ef*>
c iru  ’ c 2 +6,
Qrwh wkdw wkh fdvh f $ 4 fruuhvsrqgv wr wkh vwdqgdug PQO lq zklfk ryhudoo
ghpdqg lv lqhodvwlf1 Ilqdoo|/ h{shfwhg ghpdqg dgguhvvhg wr up  E ’ c 2 lv jlyhq
e| 
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51515 Ghpdqg zkhq surgxfwv duh frpsdwleoh
Zkhq frpsdwlelolw| suhydlov/ vwdqgdug  lv uhsuhvhqwhg e| wzr surgxfwv rq wkh pdu0
nhw/ zkloh vwdqgdug  lv qrw dydlodeoh1 Frqvxphuv dwwdfk d frpprq srvlwlyh ydoxh
 wr surgxfw frpsdwlelolw|/ zklfk fdswxuhv wkhlu h{shfwdwlrqv derxw srvlwlyh hhfwv
vxfk dv qhwzrun h{whuqdolwlhv lqgxfhg e| frpsdwlelolw|51 Dq dowhuqdwlyh lqwhusuh0
wdwlrq ri  lv wkdw dgrswlrq ri d frpprq vwdqgdug e| upv suhyhqwv frqvxphuv iurp
ex|lqj frvwo| frqyhuwhuv lq rughu wr dfklhyh frpsdwlelolw| +vhh h1j1 Iduuhoo dqg Vd0
orqhu/ 4<<5,1 Khqfh  uhsuhvhqwv wkh dprxqw ri prqh| zklfk lv vdyhg zkhq frqyhuwhuv
ehfrph xvhohvv1 Qrwh wkdw zh frqvlghu frpsdwlelolw| wr eh ydoxdeoh shu vh/ dqg gr qrw
h{solflwo| prgho krz qhwzrun h{whuqdolwlhv dowhu xwlolw|1 Wklv doorzv iru dq doohyldwhg
wuhdwphqw ri frpsdwlelolw| fkrlfh e| dyrlglqj wkh frpsolfdwlrqv wkdw zrxog uhvxow
iurp frqvlghulqj d v|vwhp ri lpsolflw htxdwlrqv +Ndw} dqg Vkdslur/ 4<;8> gh Sdopd
dqg Ohuxwk/ 4<<6,1
Yduldqwv ri vwdqgdug  duh dvvxphg wr eh krul}rqwdoo| glhuhqwldwhg1 Wkh frqgl0
wlrqdo lqgluhfw xwlolw| ixqfwlrq ri d frqvxphu fkrvhq dw udqgrp iurp wkh srsxodwlrq
ri wkrvh zkr ghflghg wr ex| vrphwklqj lv jlyhq e|
h ’ -n  R n 0c iru  ’ c 2c +7,
zkhuh wkh 0v djdlq uhsuhvhqw frqvxphuv lglrv|qfudwlf wdvwhv iru wkh yduldqwv dqg duh
l1l1 grxeoh h{srqhqwldoo| glvwulexwhg zlwk sdudphwhu > Wkh dvvxpswlrq wkdw frp0
sdwlelolw| lqfuhdvhv surgxfw vxevwlwxwdelolw| zulwhv > 	 > Wkh sxufkdvh suredelolw|
iru frpsdwleoh surgxfw c frqglwlrqdo wr wkh ghflvlrq ri sxufkdvlqj dq|wklqj dw doo/ lv
jlyhq e|
* ’
i T ER*>S
'c2 i T ER*>
c iru  ’ c 2 +8,
Lw vkrxog eh fohdu wkdw wkh wzr frpsdwleoh jrrgv gr qrw gluhfwo| frpshwh zlwk
wkh rxwvlgh dowhuqdwlyh1 Iroorzlqj Ehq0Dnlyd dqg Ohupdq +4<:<,/ wkh dwwudfwlyhqhvv
ri vwdqgdug  +zklfk vwdqgv iru wkh srro ri frpsdwleoh jrrgv, lv qrz phdvxuhg e|
wkh h{shfwhg ydoxh ri wkh pd{lpxp xwlolw| ghulyhg zlwklq wkdw srro/ dffruglqj wr
 ’ > *?
S
'c2
i T dE R *>o  +9,
Wklv lqgh{ uh hfwv wkh idfw wkdw ixoo lqirupdwlrq derxw yduldqwv lv rqo| uhyhdohg zkhq
wkh frqvxphu kdv ghflghg wr ex| vrphwklqj1 Lq wkh uvw vwhs ri wkh ghflvlrq sur0
fhgxuh/ d frqvxphu fkrvhq dw udqgrp iurp wkh wrwdo srsxodwlrq ri frqvxphuv kdv d
frqglwlrqdo lqgluhfw xwlolw| ri dgrswlqj vwdqgdug  zulwlqj
h ’  n 0 +:,
5Wkhvh pd| eh gluhfw zkhq frpsdwlelolw| hqdeohv frppxqlfdwlrq ehwzhhq djhqwv/ ru lqgluhfw
zkhq frpsdwlelolw| pdnhv lw srvvleoh iru glhuhqw kdugzduh surgxfwv wr xvh frpprq vriwzduh jrrgv
+vhh Ndw} dqg Vkdslur/ 4<;8 ru wkh vxuyh| e| Shuurw/ 4<<6,1 Li zh zhuh wr frqvlghu ! ? 3> frpsdwl0
elolw| zrxog eh dvvrfldwhg wr +qhjdwlyh, frqjhvwlrq hhfwv1
8
zkhuh 0 lv l1l1 grxeoh h{srqhqwldoo| glvwulexwhg dorqj zlwk 0f Wkh sxufkdvh sured0
elolw| iru vwdqgdug  lv qrz jlyhq e|
 ’
i T E*>
i T E*> n i T Ef*>
 +;,
Ilqdoo|/ h{shfwhg ghpdqg dgguhvvhg wr up  E ’ c 2 zulwhv c ’ *
Kdylqj ghqhg ghpdqg lq hdfk frqjxudwlrq/ zh qrz vhhn wkh vxejdph shuihfw
Qdvk htxloleulxp ri wkh frpsdwlelolw|0wkhq0sulfh jdph1
6 Wkh htxloleulxp
Zh vhhn d vxejdph shuihfw Qdvk htxloleulxp lq zklfk upv uvw fkrrvh zkhwkhu wr
eh frpsdwleoh dqg wkhq vhw sulfhv1 Wkh frpsdwlelolw| vwudwhj| ri up  E ’ c 2
lv ghqhg e| r 5 iUc j c zkhuh  EU vwdqgv iru frpsdwlelolw| +lqfrpsdwlelolw|,1
Jlyhq dq| frpsdwlelolw| frqjxudwlrq r  Erc r2 ghwhuplqhg lq wkh uvw vwdjh/ wkh
htxloleulxp ri wkh sulfh vxejdph lv jlyhq e| RW

Er dqg RW
2
Er vxfk wkdw
ZER
W
 c R
W
 ( r  ZERc R
W
 ( rc iru doo R  f/  ’ c 2 dqg  9’  +<,
Ghqrwh wkh surw ixqfwlrqv hydoxdwhg dw wkh vhfrqg vwdjh htxloleulxp RWEr e| 	ZEr 
Z dR
WEr( ro  Wkh htxloleulxp ri wkh frpsdwlelolw| jdph lv wkhq jlyhq e| rW

dqg rW
2
vdwlvi|lqj
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D vxejdph shuihfw Qdvk htxloleulxp iru wkh frpsdwlelolw|0wkhq0sulfh jdph lv gh0
qhg e| rW dqg RW Er iru doo frpsdwlelolw| frqjxudwlrqv r Wkh fruuhvsrqglqj htxl0
oleulxp sdwk zulwhv rW dqg RW ErW 
Zh surfhhg e| edfnzdug lqgxfwlrq/ ghqlqj wkh sulfh htxloleulxp dqg wkhq wkh
htxloleulxp ri wkh frpsdwlelolw| vxejdph1
614 Wkh sulfh htxloleulxp
Ohw xv uhfdoo wkdw frpsdwlelolw| dfwxdoo| suhydlov li dqg rqo| li erwk upv zlvk wr eh
frpsdwleoh1 Dffruglqjo|/ rqh rqo| qhhgv wr dqdo|}h wkh ryhudoo lqfrpsdwlelolw| dqg
wkh frpsdwlelolw| fdvhv lq rughu wr dffrxqw iru wkh irxu srvvleoh frqjxudwlrqv ri wkh
frpsdwlelolw| vwudwhjlhv1
61414 Wkh sulfh vxejdph iru lqfrpsdwleoh jrrgv
Ilupv duh dvvxphg wr surgxfh dw frqvwdqw pdujlqdo frvw Sc vr wkdw up *v surw lv
Z ’ ER S Dq lpsruwdqw ghulydwlyh surshuw| ri uhodwlrq +6, lv wkdw Y*YR ’
 E *> iru  ’ c 21 Wkhuhiruh/ wkh surw ghulydwlyh iru up  lv
YZ
YR
’ ER  S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>
nc iru  ’ c 2c +44,
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zlwk vhfrqg ghulydwlyh
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Hydoxdwlqj +45, dw dq| srlqw zkhuh +44, lv htxdo wr }hur jlyhv *>/ lqglfdwlqj
wkdw wkh surw ixqfwlrq ri hdfk up lv vwulfwo| frqfdyh lq lwv rzq sulfh1 Wkhuhiruh up
v ehvw uhso| RKo ER lv xqltxho| ghqhg1 Pruhryhu/ xqltxhqhvv ri wkh htxloleulxp lv
hqvxuhg li wkh ehvw uhso| ixqfwlrqv vdwlvi| YRKo *YR 	  iru  ’ c 2 dqg  9’  +vhh h1j1
Dqghuvrq hw do1/ 4<<5,1 Rqh fdq fkhfn wkdw wklv lqhtxdolw| lv vdwlvhg/ ohdglqj wr wkh
iroorzlqj sursrvlwlrq1
Sursrvlwlrq 4 +Dqghuvrq dqg gh Sdopd/ 4<<5, Zkhq jrrgv duh lqfrpsdwleoh
dqg zkhq ghpdqg lv ghqhg e| uhodwlrq +6,/ wkh xqltxh htxloleulxp sulfh lv lpsolflwo|
jlyhq e|
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Lqglylgxdo surwv lq wklv frqjxudwlrq duh ghqrwhg e| ZU 1 Wkh htxloleulxp sulfh
dqg rxwsxw shu up duh ghfuhdvlqj lq wkh uhodwlyh dwwudfwlyhqhvv ri wkh rxwvlgh do0
whuqdwlyh f Pruhryhu/ sulfhv dqg surwv ulvh zlwk > +rwkhu uhvxowv fdq eh irxqg lq
Dqghuvrq hw gh Sdopd/ 4<<5,1
61415 Wkh sulfh vxejdph iru frpsdwleoh jrrgv
Zkhq upv vhoo frpsdwleoh surgxfwv/ up *v surw zulwhv Z ’ ER  Sc Wkh
uvw rughu frqglwlrq iru surw pd{lpl}dwlrq ri up  ehfrphv
Yc
YR
ER  S nc ’ fc iru  ’ c 2 +48,
Vlqfh c ’ * + ’ c 2/ rqh kdv
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Wkh uvw whup uh hfwv wkh lpsdfw ri sulfh fkdqjhv rq wkh ghpdqg yroxph dgguhvvhg
wr vwdqgdug c zkhuhdv wkh vhfrqg whup vwdqgv iru lqwhu0up frpshwlwlrq1 Wkhvh duh
uhvshfwlyho|
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Hydoxdwlqj wkh vhfrqg ghulydwlyh ri up *v surw ixqfwlrq zkhq wkh uvw rughu frq0
glwlrq lv vdwlvhg |lhogv
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zklfk lv qhjdwlyh1 Khqfh/ wkh surw ixqfwlrq ri hdfk up lv frqfdyh lq lwv rzq sulfh
dqg d v|pphwulf htxloleulxp h{lvwv1 Djdlq/ lw lv fkhfnhg wkdw wkh htxloleulxp lv
xqltxh e| vkrzlqj wkdw wkh ehvw uhso| ixqfwlrqv vdwlvi| YRKo *YR 	  iru  ’ c 2 dqg
 9’  Wkhuhiruh/ wkh htxloleulxp zlwk frpsdwleoh surgxfwv lv fkdudfwhul}hg e| wkh
iroorzlqj sursrvlwlrq1
Sursrvlwlrq 5 Zkhq jrrgv duh frpsdwleoh dqg ghpdqg lv ghqhg e| uhodwlrqv +8,
dqg +;,/ wkh xqltxh htxloleulxp sulfh lv jlyhq e|
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Surri Vlqfh upv duh v|pphwulf dw htxloleulxp/ zh kdyh * ’ *21 Khqfh/ uhodwlrq
+49, ehfrphv
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Vxevwlwxwlqj lq wkh uvw rughu frqglwlrq +48, jlyhv dq rswlpdo sulfh ri
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Vlqfh zh kdyh  ’ 2c zh fdq zulwh
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Zkhq frpsdwlelolw| suhydlov/ lqglylgxdo surwv dw htxloleulxp duh ghqrwhg Z Rqh
fdq qrwlfh wkdw li > ’ >/ htxloleulxp sulfhv lq wkh frpsdwlelolw| dqg lqfrpsdwlelolw|
fdvhv duh wkh vdph/ h{fhsw surwv iru frpsdwleoh upv lqfoxgh wkh whup 1 Kdylqj
ghqhg htxloleulxp sulfhv/ zh duh deoh wr dqdo|}h wkh uvw vwdjh ri wkh vhtxhqwldo
jdph1
;
615 Wkh frpsdwlelolw| jdph
Zh qrz lqyhvwljdwh wkh rxwfrph ri wkh frpsdwlelolw| jdph jlyhq rswlpdo ghflvlrqv lq
wkh vhfrqg vwdjh ri wkh jdph1 Wkh vwuxfwxuh ri wkh prgho lv vxfk wkdw upv idfh dq
duelwudjh ehwzhhq surgxfw glhuhqwldwlrq dqg frqvxphuv zloolqjqhvv wr sd| iru wkh
jrrgv +l1h1 surgxfw txdolw|,1
Dffruglqj wr htxloleulxp frqglwlrq +43,/ up  E ’ c 2 fkrrvhv frpsdwlelolw| dw
wkh vxejdph shuihfw Qdvk htxloleulxp li dqg rqo| li 	ZEc r
W
  	ZEUc r
W
 iru  9’ 
Pruhryhu/ vlqfh wkh jdph lv v|pphwulf/ wkhuh duh qr frq lfwv ehwzhhq upv lqfhqwlyhv
wrzdugv frpsdwlelolw|61 Khqfh/ erwk upv fkrrvh frpsdwlelolw| dw htxloleulxp li dqg
rqo| li frpsdwlelolw| |lhogv wkh kljkhvw lqglylgxdo surwv/ l1h1 Z  ZU 1
61514 Pdunxs yhuvxv txdqwlw| lq wkh PQO
Wr ehjlq zlwk/ ohw xv frqvlghu wkh vlwxdwlrq zkhuh wkhuh duh qr h{shfwhg ehqhwv
iurp frpsdwlelolw|/ l1h1  ’ f1 Lq wklv fdvh zh duh lqwhuhvwhg lq dqdo|}lqj upv wudgh0
r ehwzhhq fkdujlqj kljk sulfhv ru vhoolqj kljk txdqwlwlhv1 Wr sxw lw glhuhqwo|/ zh
vhhn wr nqrz zkhwkhu upv pljkw vwudwhjlfdoo| vzlwfk wr d pdunhw lq zklfk surgxfw
glhuhqwldwlrq lv orzhu lq rughu wr dwwudfw d kljkhu yroxph ri ghpdqg1
Zh vkdoo uhihu wr wklv dv wkh glhuhqwldwlrq0wkhq0sulfh jdph1 Lw lqyroyhv wkh frp0
sdulvrq ri Z dqg ZU c dqg zh jhw wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 6 Zkhq ghpdqg lv ghvfulehg e| d qhvwhg PQO/ wkh xqltxh htxloleulxp
ri wkh glhuhqwldwlrq0wkhq0sulfh jdph lpsolhv upv fkrrvlqj pd{lpdo glhuhqwldwlrq1
Surri Vhh dsshqgl{ D1 
Wkh vlwxdwlrq lv looxvwudwhg e| wkh vrolg fxuyh lq jxuh 51 Wkh surwv ri frpsdwleoh
surgxfhuv ulvh zlwk wkh ohyho ri surgxfw glhuhqwldwlrq/ vwduwlqj iurp }hur zkhq jrrgv
duh shuihfw vxevwlwxwhv E> ’ f dqg frpshwlwlrq elgv sulfhv grzq wr wkh pdujlqdo
frvw1
Sursrvlwlrq 6 vwuhqjwkhqv wkh zhoo nqrzq pd{lpdo glhuhqwldwlrq uhvxow +vhh h1j1
g*Dvsuhprqw hw do1/ 4<:<,/ dffruglqj wr zklfk upv glhuhqwldwh wkhlu surgxfwv lq ru0
ghu wr uhod{ frpshwlwlrq1 Lq rxu prgho/ upv zlvk wr glhuhqwldwh wkhlu surgxfwv hyhq
wkrxjk kljk sulfhv kdyh d qhjdwlyh lq xhqfh xsrq wkh yroxph ri ghpdqg dgguhvvhg
wr wkh upv1 Zh qrz wxuq wr wkh fdvh zkhuh frqvxphuv dwwdfk d vwulfwo| srvlwlyh
ydoxh wr surgxfw frpsdwlelolw|1
61515 Wkh wudgh0r ehwzhhq frpsdwlelolw| dqg glhuhqwldwlrq
Zkhq frqvxphuv kdyh d srvlwlyh ydoxdwlrq ri frpsdwlelolw| + : f,/ wkh frpsdwlelolw|0
wkhq0sulfh jdph kdv d ohvv lpphgldwh rxwfrph1 Wkh grwwhg fxuyh lq jxuh 5 ghslfwv
upv surwv dv > lv ydulhg/ iru qrq0}hur  Frpsdwlelolw| qrz kdv d srvlwlyh lq x0
hqfh rq frqvxphuv zloolqjqhvv wr sd| iru wkh jrrgv1 Khqfh/ htxloleulxp surwv iru
6Frqwudglfwru| lqfhqwlyhv fdq eh irxqg lq gh Sdopd dqg Ohuxwk +4<<9, ru Hfrqrplghv dqg Io|hu
+4<<;, lq d yhuwlfdo glhuhqwldwlrq iudphzrun1
<
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>>W >3
Z
ZE ’ f
ZU
ZE : f
Iljxuh 5= Surwv iru frpsdwleoh upv dv ixqfwlrqv ri > zlwk +grwwhg fxuyh, dqg
zlwkrxw +vrolg fxuyh, ydoxdwlrq ri frpsdwlelolw|
frpsdwleoh surgxfhuv duh kljkhu wkdq lq wkh suhylrxv fdvh iru dq| >  f/ ohdglqj wr
wkh iroorzlqj uhvxow1
Sursrvlwlrq 7 Iru dq| srvlwlyh ydoxh ri c wkhuh h{lvwv d wkuhvkrog ydoxh ri >c
ghqrwhg >Wc vxfk wkdw wkh vxejdph shuihfw Qdvk htxloleulxp ri wkh frpsdwlelolw|0wkhq0
sulfh jdph hqwdlov lqfrpsdwlelolw| zkhq > 	 >
W dqg frpsdwlelolw| zkhq > : >
W
Irupdoo|/ rW

’ rW
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2
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 zkhq > : >
W
Surri Lw vx!fhv wr qrwh wkdw iru dq| srvlwlyh c surwv Z prqrwrqlfdoo| lqfuhdvh
zlwk > +vhh dsshqgl{ D,/ xs wr d ydoxh wkdw vwulfwo| h{fhhgv ZU zkhq > ’ > Khqfh/
wkhuh lv d xqltxh ydoxh ri >c ghqrwhg >
W Ezlwk >W 	 > c vxfk wkdw ZU ’ Z 
Dq lpphgldwh fruroodu| ri wklv sursrvlwlrq lv wkdw iru dq| frxsoh E>c > vdwlvi|lqj
> 	 >/ wkhuh h{lvwv d qlwh ydoxh ri  +ghqrwhg 
W, deryh zklfk frpsdwlelolw| lv
revhuyhg dw wkh xqltxh vxejdph shuihfw Qdvk htxloleulxp1
Wkh prgho vkrzv wkdw vwdqgdugl}dwlrq lv dfklhyhg surylghg wkh ydoxdwlrq ri frp0
sdwlelolw| e| frqvxphuv grplqdwhv wkh lqfuhdvhg frpshwlwlrq zklfk lv dvvrfldwhg zlwk
d orzhu surgxfw glhuhqwldwlrq1 Frqyhuvho|/ ixoo lqfrpsdwlelolw| rffxuv zkhq wkh orvv
ri krul}rqwdo glhuhqwldwlrq lv wrr kljk zlwk uhjdug wr frqvxphuv ydoxdwlrq ri frpsdwl0
elolw|1 Dv h{wuhph fdvhv/ wkh devhqfh ri h{shfwhg frpsdwlelolw| ehqhwv zrxog lqgxfh
doo upv wr vxsso| lqfrpsdwleoh vwdqgdugv zklfk duh pruh glhuhqwldwhg/ zkhuhdv
vwurqj vxevwlwxwdelolw| dprqj vwdqgdugv ohdgv wr ryhudoo frpsdwlelolw|1
616 Zhoiduh dqdo|vlv
Wkh PQO rhuv d frqyhqlhqw iudphzrun iru zhoiduh dqdo|vlv1 Dffruglqj wr Ehq0Dnlyd
dqg Ohupdq +4<:<,/ frqvxphuv vxusoxv zulwhv
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ifc cj li jrrgv duh lqfrpsdwleoh/
ifc j li jrrgv duh frpsdwleoh1
Hydoxdwlqj zhoiduh dw wkh v|pphwulf htxloleulxp zkhq lqfrpsdwlelolw| suhydlov |lhogv
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zkhuh wkh uvw whup vwdqgv iru frqvxphuv vxusoxv dqg wkh vhfrqg rqh iru upv surwv1
Vlploduo|/ zhoiduh dw wkh v|pphwulf htxloleulxp zkhq frpsdwlelolw| suhydlov zulwhv
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Surgxfw frpsdwlelolw| kdv d lqgluhfw lq xhqfh rq frqvxphuv vxusoxv/ yld wkh sulfh
zklfk lv fkdujhg1 Pruhryhu/ frpsdwlelolw| kdv wzr gluhfw hhfwv rq frqvxphuv vxu0
soxv1 Rq wkh rqh kdqg/ frqvxphuv dwwdfk vrph ydoxh wr surgxfw frpsdwlelolw|1 Rq
wkh rwkhu kdqg/ frqvxphuv duh dhfwhg e| wkh ghjuhh ri surgxfw glhuhqwldwlrq zklfk
suhydlov zkhq frpsdwlelolw| lv dfklhyhg1 Lqghhg/ wkh PQO ghpdqg vwuxfwxuh fds0
wxuhv frqvxphuv cwdvwh iru glyhuvlw|* +vhh Dqghuvrq hw do1/ 4<<5,1 Lqfuhdvlqj surgxfw
vlplodulw| yld frpsdwlelolw| +l1h1 ghfuhdvlqj wkh ydoxh ri > wkhuhiruh kdv d qhjdwlyh
lq xhqfh rq frqvxphuv vxusoxv1
Wkh sulfh htxloleulxp lv lpsolflwo| ghqhg dqg dqdo|wlfdo frpsdulvrq ri ‘U dqg
‘ lv gl!fxow1 \hw/ wkh iroorzlqj qxphulfdo h{huflvh looxvwudwhv wkh srwhqwldo lqh!0
flhqf| ri wkh htxloleulxp rxwfrph1 Vhwwlqj f ’ fc > ’ f dqg  ’ ff/ zh ydu|
wkrvh sdudphwhuv zklfk ghqh wkh sulydwh lqfhqwlyhv wrzdugv frpsdwlelolw|/ qdpho|
> dqg 1 Wdeoh 4 vxppdul}hv wkh htxloleulxp dqg vrfldoo| rswlpdo zhoiduhv rewdlqhg
zlwk  ’ fc c Dc f dqg > ’ c    c f
Frpsdwlelolw| ydoxdwlrq
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Wdeoh 4= Zhoiduh dqdo|vlv
Lq hdfk fdvh/ wkh uvw froxpq ghslfwv wkh udwlr ‘*‘U ri wkh zhoiduh zkhq frp0
sdwlelolw| lv dfklhyhg ryhu wkh zhoiduh dvvrfldwhg zlwk ryhudoo lqfrpsdwlelolw|/ zkhuhdv
44
wkh vhfrqg froxpq ghslfwv wkh udwlr Z*ZU ri upv surwv lq erwk frqjxudwlrqv
71
Wkh uhihuhqfh ydoxhv duh ‘U * bDc f dqg ZU * eDc D Frpsdwlelolw| lv revhuyhg
dw wkh vxejdph shuihfw Qdvk htxloleulxp ri wkh frpsdwlelolw|0sulfh jdph li dqg rqo|
li Z*ZU :  Khqfh/ wkh htxloleulxp frpsdwlelolw| frqjxudwlrq lv vrfldoo| rswlpdo
li dqg rqo| li Z*ZU dqg ‘*‘U duh erwk hlwkhu odujhu ru vpdoohu wkdq rqh1 Fohduo|/
wklv lv qrw dozd|v wkh fdvh dqg wkh iroorzlqj sursrvlwlrq krogv1
Sursrvlwlrq 8 Wkh htxloleulxp rxwfrph pljkw eh vrfldoo| vxerswlpdo surylghg frq0
vxphuv kdyh d qrq0}hur ydoxdwlrq ri frpsdwlelolw|1
Zkhq frqvxphuv gr qrw ydoxdwh frpsdwlelolw| + ’ f/ wkh htxloleulxp dqg wkh
vrfldo rswlpxp frlqflgh dqg wkh| hqwdlo pd{lpdo glhuhqwldwlrq +l1h1 lqfrpsdwlelolw|,1
E| frqwudvw/ dv vrrq dv wkh ydoxh dwwdfkhg wr frpsdwlelolw| lv qrq0}hur/ wkhuh pd|
dsshdu d glvvrqdqfh ehwzhhq sulydwh dqg sxeolf lqfhqwlyhv wrzdugv frpsdwlelolw|1 Wkh
dprxqw ri surgxfw glhuhqwldwlrq > fruuhvsrqglqj wr wkh vlwxdwlrq zkhuh Z*ZU ’ 
+erog qxpehuv, lv wkh wkuhvkrog ydoxh >W +ghqhg lq sursrvlwlrq 7, ehorz zklfk
frpsdwlelolw| lv qrw dfklhyhg dw htxloleulxp1 Ixuwkhupruh/ wkh zhoiduh udwlr lqglfdwhv
wkdw frpsdwlelolw| lv dozd|v ehqhf iurp d vrfldo srlqw ri ylhz zkhq  : f1 Khqfh/
wkh rxwfrph ri wkh frpsdwlelolw|0wkhq0sulfh jdph lv vrfldoo| vxerswlpdo dv vrrq dv
 : f dqg f  > 	 >
W
Ilupv lqfhqwlyhv wrzdugv frpsdwlelolw| whqg wr eh wrr orz zkhq vwdqgdugl}dwlrq
hqwdlov kljk surgxfw vlplodulw|1 Dffruglqj wr wdeoh 4/ wkh kljkhu frqvxphuv ydoxdwlrq
ri frpsdwlelolw|/ wkh orzhu wkh wkuhvkrog ydoxh ri > deryh zklfk frpsdwlelolw| lv
dfklhyhg1 Khqfh upv vwudwhjlf lqwhudfwlrq lv pruh olnho| wr ohdg wr dq lqh!flhqw
rxwfrph zkhq frqvxphuv ydoxdwlrq ri frpsdwlelolw| lv orz1
7 Frqfoxvlrq
E| phdqv ri d qhvwhg pxowlqrpldo ghpdqg vwuxfwxuh/ zh kdyh prghoohg krz frpsdwl0
elolw| vlpxowdqhrxvo| lqfuhdvhv frqvxphuv ydoxdwlrq ri frpsdwleoh jrrgv dqg surgxfw
vxevwlwxwdelolw|1 Zlwklq d vhtxhqwldo jdph/ zh kdyh dqdo|}hg wkh lqwhusod| ehwzhhq
upv frpsdwlelolw| ghflvlrqv dqg wkh lqwhqvlw| ri sulfh frpshwlwlrq1 Iluvw/ lw zdv
vkrzq wkdw pd{lpdo glhuhqwldwlrq hphujhv dw htxloleulxp zkhq frqvxphuv gr qrw
dwwdfk dq| ydoxh wr surgxfw frpsdwlelolw|1 Dfwxdoo|/ ghpdqg hodvwlflw| lv qrq0}hur dqg
upv duh zloolqj wr glhuhqwldwh wkhlu surgxfwv hyhq wkrxjk kljk sulfhv kdyh d qhjd0
wlyh lpsdfw rq wkh yroxph ri ghpdqg1 Wklv uhvxow qr orqjhu krogv zkhq frqvxphuv
kdyh d vwulfwo| srvlwlyh ydoxdwlrq ri frpsdwlelolw|1 Lq wklv fdvh/ upv frpsdwlelolw|
ghflvlrqv duh wkh rxwfrph ri d wudgh0r ehwzhhq kljkhu surgxfw txdolw| dqg hufh
sulfh frpshwlwlrq1 Lq wxuqv rxw wkdw frpsdwlelolw| lv dfklhyhg dw htxloleulxp sur0
ylghg wkh dprxqw ri surgxfw glhuhqwldwlrq dprqj frpsdwleoh jrrg uhpdlqv deryh
d wkuhvkrog ydoxh1
7Ghwdlohg dqdo|vlv vkrzv wkdw wkh ydoxh ri ! h{huwv d srvlwlyh lq xhqfh xsrq vrfldo zhoiduh/ upv
surwv dqg frqvxphuv vxusoxv1 Pruhryhu/ lqfuhdvlqj surgxfw vxevwlwxwdelolw| +glplqlvklqj 
F
, ulvhv
frqvxphuv vxusoxv dqg vrfldo zhoiduh/ exw ghfuhdvhv lqglylgxdo surwv1
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Hyhq wkrxjk wkh prgho grhv qrw |lhog h{solflw vroxwlrqv wr wkh sulfh vxejdph/
vrph lqvljkwv lqwr wkh zhoiduh lpsolfdwlrqv ri frpsdwlelolw| ghflvlrqv frxog eh jlyhq1
Hvshfldoo|/ zh kdyh vkrzq wkdw wkh htxloleulxp rxwfrph lv vrfldoo| vxerswlpdo zkhq
frqvxphuv ydoxdwh frpsdwlelolw| dqg zkhq wkh odwwhu hqwdlov d kljk orvv lq surgxfw
glhuhqwldwlrq1 Zkloh zhoiduh pd{lpl}dwlrq zrxog fdoo iru surgxfw frpsdwlelolw|/
upv suhihu wr pdnh wkhlu surgxfwv lqfrpsdwleoh lq rughu wr suhyhqw sulfh frpshwlwlrq
iurp ehlqj wrr wrxjk1
D Surri ri sursrvlwlrq 6
Htxdwlrqv +53, dqg +54, |lhog
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Diwhu vrph pdqlsxodwlrq/ zh rewdlq
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Fohduo| doo whupv dw wkh qxphudwru duh srvlwlyh vlqfh  	 *2 +lq wkh prvw idyrudeoh
fdvh f $ 4c dqg wkh wzr upv dwwudfw wkh zkroh ghpdqg/ l1h1 2 $ ,1 Wklv
dovr hqwdlov wkdw E>n >
2  e> E> n > lv odujhu wkdq wkh vdph h{suhvvlrq
dw  ’ *2c zklfk lv >
2 : f Khqfh YZ*Y> : f iru dq| > dqg vr surwv
prqrwrqlfdoo| ulvh zlwk >c ehlqj hyhqwxdoo| htxdo wr ZU zkhq > ’ > Wkhuhiruh/
pd{lpdo glhuhqwldwlrq lv wkh xqltxh htxloleulxp iru wkh glhuhqwldwlrq0sulfh jdph1
Uhihuhqfhv
Dqghuvrq V1S1/ gh Sdopd D1 dqg Wklvvh M10I1/ +4<<5,/ Glvfuhwh Fkrlfh Wkhru| ri
Surgxfw Glhuhqwldwlrq/ PLW Suhvv/ Fdpeulgjh1
Dqghuvrq V1S1 dqg gh Sdopd D1/ +4<<5,/ Wkh orjlw dv d prgho ri surgxfw glhuhq0
wldwlrq/ R{irug Hfrqrplf Sdshuv/ 77/ 8409:1
Edvhpdq N1F1/ Zduuhq0Erxowrq I1U1 dqg Zrurfk J1D1/ +4<<9,/ H{foxvlrqdu| eh0
kdylru lq d pdunhw iru rshudwlqj v|vwhp vriwzduh= wkh fdvh ri Plfurvriw/ plphr1
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Ehq0Dnlyd P1/ +4<:6,/ Vwuxfwxuh ri Sdvvhqjhu Wudyho Ghpdqg Prghov/ Sk1G1 glvvhu0
wdwlrq/ PLW1
Ehq0Dnlyd P1 dqg Ohupdq V1/ +4<:<,/ Glvvdjuhjdwh wudyho dqg prelolw| fkrlfh prg0
hov dqg phdvxuhv ri dffhvvlelolw| lq Khqvkhu G1D1 dqg Vwrskhu S1U1 +hgv1,/
Ehkdylrudo Wudyho Prghoolqj/ Orqgrq= Furrq Khop1
Ehvhq V1P1 dqg Iduuhoo M1/ +4<<7,/ Fkrrvlqj krz wr frpshwh = vwudwhjlhv dqg wdfwlfv
lq vwdqgdugl}dwlrq/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ ;/ 44:04641
g*Dvsuhprqw F1/ Jdev}hzlf} M1M1 dqg Wklvvh M10I1/ +4<:<,/ Rq Krwhoolqj*v cvwdelolw|
lq frpshwlwlrq* / Hfrqrphwulfd/ 7:/ 4478044831
gh Sdopd D1 dqg Ohuxwk O1/ +4<<6,/ Htxloleulxp lq frpshwlqj qhwzrunv zlwk gli0
ihuhqwldwhg surgxfwv/ Wudqvsruwdwlrq Vflhqfh/ 5:/ :60;31
gh Sdopd D1 dqg Ohuxwk O1/ +4<<9,/ Yduldeoh zloolqjqhvv wr sd| iru qhwzrun h{whu0
qdolwlhv zlwk vwudwhjlf vwdqgdugl}dwlrq ghflvlrqv/ Hxurshdq Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 45/ 56805841
Hfrqrplghv Q1 dqg Io|hu I1/ +4<<;,/ Htxloleulxp frdolwlrq vwuxfwxuhv lq pdunhwv
iru qhwzrun jrrgv/ Dqqdohv g*ìfrqrplh hw gh vwdwlvwltxh/ 7<283/ 69406;31
Iduuhoo M1 dqg Vdorqhu J1/ +4<<5,/ Frqyhuwhuv/ frpsdwlelolw|/ dqg wkh frqwuro ri
lqwhuidfhv/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 73/ <0681
Ndw} P1 dqg Vkdslur F1/ +4<;8,/ Qhwzrun h{whuqdolwlhv/ frpshwlwlrq dqg frpsdwl0
elolw|/ Dphulfdq Hfrqrplf Uhylhz/ :8/ 75707731
Shuurw D1/ +4<<6,/ Frpsdwlelolw|/ qhwzrunv dqg frpshwlwlrq= d uhylhz ri uhfhqw
dgydqfhv/ Wudqvsruwdwlrq Vflhqfh/ 5:/ 950:51
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